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(54) AIR-CONDITIONER

(67)  Anair-conditioner (1)is provided with a flow path
(R1) including a portion through which a gas distributor
(23a), asecond part (13b), afirst part (13a), and a gas-lig-
uid two-phase distributor (21a) are sequentially connect-
ed. The air-conditioner is provided with a flow path (R2)
including a portion through which a gas distributor (23b),
a third part (15a), a fourth part (15b), and a gas-liquid
two-phase distributor (21b) are sequentially connected.
The flow path (R1) and the flow path (R2) are connected

_______________________
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in parallel with respect to a refrigeration cycle circuit (51)
in such amanner that the gas-liquid two-phase distributor
(21a) and the gas-liquid two-phase distributor (21b) are
connected and the gas distributor (23a) and the gas dis-
tributor (23b) are connected. The first part (13a) is ar-
ranged on a windward side and the second part (13b) is
arranged on a leeward side. The third part (15a) is ar-
ranged on the windward side and the fourth part (15b) is
arranged on the leeward side.
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Description

TECHNICAL FIELD

[0001] The present disclosure relates to an air-condi-
tioner.
BACKGROUND ART

[0002] A non-azeotropic refrigerant mixture obtained
by mixing at least two types of refrigerant is available as
refrigerant to be used in a refrigeration cycle apparatus
such as an air-conditioner. PTL 1 and PTL 2 disclose a
refrigeration cycle apparatus where such a non-azeo-
tropic refrigerant mixture is used.

[0003] In a heat exchanger in the refrigeration cycle
apparatus where the non-azeotropic refrigerant mixture
is used, in order to enhance efficiency of heat exchange
between refrigerant and air, the heat exchanger is re-
quired to allow refrigerant to flow as a counterflow reverse
in orientation to a direction of passage of air through the
heat exchanger.

[0004] Therefore, various proposals have been made
such that refrigerant flows through the heat exchanger
as the counterflow in both of a case where the heat ex-
changer functions as a condenser and a case where the
heat exchanger functions as an evaporator. Japanese
Patent Laying-Open No. H08-170864 (PTL 1) proposes
an air-conditioning apparatus including a six-way valve
and an expansion valve. Japanese Patent Laying-Open
No. H09-196489 (PTL 2) proposes an air-conditioner to
which a bridge circuit including a check valve is applied.

CITATION LIST

PATENT LITERATURE

[0005]
PTL 1: Japanese Patent Laying-Open No.
H08-170864
PTL 2: Japanese Patent Laying-Open No.
H09-196489

SUMMARY OF INVENTION
TECHNICAL PROBLEM

[0006] Ingeneral, when a heat exchanger functions as
an evaporator, in order to distribute refrigerant in a gas-
liquid two-phase state containing gas refrigerant and lig-
uid refrigerant that flows into the heat exchanger, a gas-
liquid two-phase distributor is arranged on a refrigerant
inlet side of the heat exchanger. In the gas-liquid two-
phase distributor, in order to uniformly distribute refrig-
erant in the gas-liquid two-phase state, for example, an
orifice is arranged.

[0007] When a heat exchanger functions as a con-
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denser, on the other hand, in order to suppress pressure
loss of gas refrigerant that flows into the heat exchanger,
a gas distributor relatively large in volume is arranged on
the refrigerant inlet side of the heat exchanger.

[0008] In a heat exchanger where general refrigerant
is used, an orientation of a flow of refrigerant when the
heat exchanger functions as the condenser is reverse to
an orientation of a flow of refrigerant when the heat ex-
changer functions as the evaporator. Therefore, the gas-
liquid two-phase distributor is arranged on one side of
the heat exchanger and a gas distributor is arranged on
the other side thereof.

[0009] In contrast, in the heat exchanger where the
non-azeotropic refrigerant mixture is used, an orientation
of aflow of refrigerant when the heat exchanger functions
as the condenser is the same as an orientation of a flow
of refrigerant when the heat exchanger functions as the
evaporator.

[0010] Therefore, in an example where the heat ex-
changer functions as the condenser, for example, when
gas refrigerant flows through the gas-liquid two-phase
distributor where a distributor is arranged, the pressure
loss is great. In an example where the heat exchanger
functions as the evaporator, for example, when gas re-
frigerant that has exchanged heat flows through the gas-
liquid two-phase distributor where a distributor is ar-
ranged, the pressure loss is great.

[0011] The presentdisclosure was made to solve such
a technical problem, and an object thereof is to provide
an air-conditioner where a non-azeotropic refrigerant
mixture is used, the air-conditioner capable of achieving
reduction in pressure loss.

SOLUTION TO PROBLEM

[0012] An air-conditioner according to the present dis-
closure includes a refrigeration cycle circuit provided with
an outdoor unit and an indoor unit, a non-azeotropic re-
frigerant mixture circulating through the refrigeration cy-
cle circuit. At least one of the outdoor unit and the indoor
unit includes a first heat exchanger, a second heat ex-
changer, a first gas-liquid two-phase distributor, a first
gas distributor, a second gas distributor, a second gas-
liquid two-phase distributor, a first flow path, and a sec-
ond flow path. The first heat exchanger includes a first
part and a second part connected in series. The second
heat exchanger includes a third part and a fourth part
connected in series. The first gas-liquid two-phase dis-
tributor is connected on a side opposite to a side where
the second part is connected, with respect to the first
part. The first gas distributor is connected on a side op-
posite to a side where the first part is connected, with
respect to the second part. The second gas distributor is
connected on a side opposite to a side where the fourth
part is connected, with respect to the third part. The sec-
ond gas-liquid two-phase distributor is connected on a
side opposite to a side where the third partis connected,
with respect to the fourth part. The first flow path includes
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a portion through which the first gas distributor, the sec-
ond part, the first part, and the first gas-liquid two-phase
distributor are sequentially connected. The second flow
path includes a portion through which the second gas
distributor, the third part, the fourth part, and the second
gas-liquid two-phase distributor are sequentially con-
nected. The first flow path where the first heat exchanger
is arranged and the second flow path where the second
heatexchanger is arranged are connected in parallel with
respect to the refrigeration cycle circuitin such a manner
that the first gas-liquid two-phase distributor and the sec-
ond gas-liquid two-phase distributor are connected and
the first gas distributor and the second gas distributor are
connected. The air-conditioner has afirst operation mode
in which the first heat exchanger and the second heat
exchanger function as a condenser and a second oper-
ation mode in which the first heat exchanger and the sec-
ond heat exchanger function as an evaporator. With re-
spect to a direction of passage of air that passes through
the first heat exchanger and the second heat exchanger,
the first part is arranged on a windward side, the second
part is arranged on a leeward side, the third part is ar-
ranged on the windward side, and the fourth part is ar-
ranged on the leeward side.

ADVANTAGEOUS EFFECTS OF INVENTION

[0013] Accordingto the air-conditioner according to the
present disclosure, in the first operation mode, in the first
flow path, a gaseous non-azeotropic refrigerant mixture
flows into the first gas distributor and becomes liquid re-
frigerant in the first heat exchanger, and resultant liquid
refrigerant flows through the first gas-liquid two-phase
distributor, and in the second flow path, the gaseous non-
azeotropic refrigerant mixture flows into the second gas
distributor and becomes liquid refrigerant in the second
heat exchanger, and resultant liquid refrigerant flows
through the second gas-liquid two-phase distributor. In
the second operation mode, in the first flow path, the non-
azeotropic refrigerant mixture in the gas-liquid two-phase
state flows into the first gas-liquid two-phase distributor
and becomes gaseous refrigerant in the first heat ex-
changer, and resultant gaseous refrigerant flows through
the first gas distributor, and in the second flow path, the
non-azeotropic refrigerant mixture in the gas-liquid two-
phase state flows into the second gas-liquid two-phase
distributor and becomes gaseous refrigerant in the sec-
ond heat exchanger, and resultant gaseous refrigerant
flows through the first gas distributor. The pressure loss
of the non-azeotropic refrigerant mixture that circulates
through the refrigeration cycle circuit can thus be re-
duced.

BRIEF DESCRIPTION OF DRAWINGS
[0014]

Fig. 1 is a diagram showing a refrigeration cycle cir-
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cuit of an air-conditioner according to a first embod-
iment.

Fig. 2 is a perspective view schematically showing
a structure of an outdoor heat exchanger and the
like in an outdoor unit in the embodiment.

Fig. 3 is a perspective view for illustrating a flow of
refrigerant in the outdoor heat exchanger and the
like during a cooling operation in the embodiment.
Fig. 4 is a perspective view for illustrating a flow of
refrigerant in the outdoor heat exchanger and the
like during a heating operation in the embodiment.
Fig. 5is adiagramincluding a graph of atemperature
of refrigerant and a graph of a temperature of air for
illustrating a function and effect of the outdoor heat
exchanger and the like during the cooling operation
in the embodiment.

Fig. 6is adiagramincluding a graph of atemperature
of refrigerant and a graph of a temperature of air for
illustrating a function and effect of the outdoor heat
exchanger and the like during the heating operation
in the embodiment.

Fig. 7 is a diagram showing the refrigeration cycle
circuit of the air-conditioner according to a modifica-
tion in the embodiment.

Fig. 8 is a diagram showing the refrigeration cycle
circuit of the air-conditioner according to a second
embodiment.

Fig. 9 is a perspective view schematically showing
a structure of the outdoor heat exchanger and the
like in the outdoor unit in the embodiment.

Fig. 10 is a perspective view for illustrating a flow of
refrigerant in the outdoor heat exchanger and the
like during the cooling operation in the embodiment.
Fig. 11 is a perspective view for illustrating a flow of
refrigerant in the outdoor heat exchanger and the
like during the heating operation in the embodiment.
Fig. 12 is a diagram including a graph of a temper-
ature of refrigerant and a graph of a temperature of
air for illustrating a function and effect of the outdoor
heat exchanger and the like during the cooling op-
eration in the embodiment.

Fig. 13 is a diagram including a graph of a temper-
ature of refrigerant and a graph of a temperature of
air for illustrating a function and effect of the outdoor
heat exchanger and the like during the heating op-
eration in the embodiment.

Fig. 14 is a diagram showing the refrigeration cycle
circuit of the air-conditioner according to a third em-
bodiment.

Fig. 15 is a perspective view schematically showing
a structure of the outdoor heat exchanger and the
like in the outdoor unit in the embodiment.

Fig. 16 is a perspective view for illustrating a flow of
refrigerant in the outdoor heat exchanger and the
like during the cooling operation in the embodiment.
Fig. 17 is a perspective view for illustrating a flow of
refrigerant in the outdoor heat exchanger and the
like during the heating operation in the embodiment.
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Fig. 18 is a diagram including a graph of a temper-
ature of refrigerant and a graph of a temperature of
air for illustrating a function and effect of the outdoor
heat exchanger and the like during the cooling op-
eration in the embodiment.

Fig. 19 is a diagram including a graph of a temper-
ature of refrigerant and a graph of a temperature of
air for illustrating a function and effect of the outdoor
heat exchanger and the like during the heating op-
eration in the embodiment.

DESCRIPTION OF EMBODIMENTS
First Embodiment.

[0015] Anexemplaryair-conditioneraccording to afirst
embodiment will be described. As shown in Fig. 1, an air-
conditioner 1 is provided with an outdoor unit 3 and an
indoor unit 5. A compressor 7, a four-way valve 9, an
outdoor heat exchanger 11, an expansion valve 19, and
the like are accommodated in outdoor unit 3. An indoor
heat exchanger 27 and the like are accommodated in
indoor unit 5.

[0016] Compressor 7, four-way valve 9, outdoor heat
exchanger 11, expansion valve 19, and indoor heat ex-
changer 27 are connected through a refrigerant pipe 41
to make up a refrigeration cycle circuit 51. Refrigerant
circulates through refrigeration cycle circuit 51 (refriger-
ant pipe 41). In air-conditioner 1, a non-azeotropic refrig-
erant mixture 43 is used as refrigerant. Non-azeotropic
refrigerant mixture 43 refers to a refrigerant mixture ob-
tained by mixing a plurality of single components, in which
a gas phase and a liquid phase thereof are different in
component from each other.

[0017] Outdoor heat exchanger 11 and the like will be
described in detail. As shown in Figs. 1 and 2, outdoor
heat exchanger 11 includes an outdoor first heat ex-
changer 13 as a first heat exchanger and an outdoor
second heat exchanger 15 as a second heat exchanger.
Outdoor second heat exchanger 15 is arranged on out-
door first heat exchanger 13. Outdoor first heat exchang-
er 13 includes a first part 13a and a second part 13b.
First part 13a and second part 13b are connected in se-
ries. First part 13a and second part 13b are arranged
along a direction of passage of air (see an arrow YA).
First part 13a is arranged on a windward side. Second
part 13b is arranged on a leeward side.

[0018] A gas-liquid two-phase distributor 21a as a first
gas-liquid two-phase distributor is connected on a side
opposite to a side where second part 13b is connected,
with respect to first part 13a. A gas distributor 23a as a
first gas distributor is connected on a side opposite to a
side where first part 13a is connected, with respect to
second part 13b.

[0019] Outdoor second heat exchanger 15 includes a
third part 15a and a fourth part 15b. Third part 15a and
fourth part 15b are connected in series. Third part 15a
and fourth part 15b are arranged along the direction of
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passage of air (see arrow YA). Third part 15a is arranged
on the windward side. Fourth part 15b is arranged on the
leeward side.

[0020] A gas-liquid two-phase distributor 21b as a sec-
ond gas-liquid two-phase distributor is connected on a
side opposite to a side where third part 15ais connected,
with respect to fourth part 15b. A gas distributor 23b as
a second gas distributor is connected on a side opposite
to a side where fourth part 15b is connected, with respect
to third part 15a.

[0021] Air-conditioner 1 is provided with a flow path R1
as a first flow path including a portion through which gas
distributor 23a, second part 13b, first part 13a, and gas-
liquid two-phase distributor 21a are sequentially connect-
ed. A flow path R2 as a second flow path including a
portion through which gas distributor 23b, third part 15a,
fourth part 15b, and gas-liquid two-phase distributor 21b
are sequentially connected is provided.

[0022] Flow path R1where outdoor first heat exchang-
er 13is arranged and flow path R2 where outdoor second
heat exchanger 15 is arranged are connected in parallel
with respectto refrigeration cycle circuit 51 in such a man-
ner that gas-liquid two-phase distributor 21a and gas-
liquid two-phase distributor 21b are connected and gas
distributor 23a and gas distributor 23b are connected. In
otherwords, flow path R1 and flow path R2 are connected
in parallel with respect to refrigeration cycle circuit 51
(main flow path) through which the non-azeotropic refrig-
erant mixture circulates.

[0023] Indoor heat exchanger 27 and the like will now
be described. As shown in Fig. 1, indoor heat exchanger
27 includes an indoor first heat exchanger 29 and an
indoor second heat exchanger 31.

[0024] A gas-liquid two-phase distributor 33a is con-
nected on one end side of indoor first heat exchanger
29. A gas distributor 35a is connected on the other end
side of indoor first heat exchanger 29. A gas-liquid two-
phase distributor 33b is connected on one end side of
indoor second heat exchanger 31. A gas distributor 35b
is connected on the other end side of indoor second heat
exchanger 31.

[0025] Air-conditioner 1is provided with a flow path R3
including a portion through which gas distributor 35a,
gas-liquid two-phase distributor 33a, and indoor first heat
exchanger 29 are sequentially connected. A flow path
R4 including a portion through which gas distributor 35b,
indoor second heat exchanger 31, and gas-liquid two-
phase distributor 33b are sequentially connected is pro-
vided.

[0026] Flow path R3 where indoor first heat exchanger
29 is arranged and indoor second heat exchanger 31
where indoor second heat exchanger 31 is arranged are
connected in parallel with respect to refrigeration cycle
circuit 51 in such a manner that gas-liquid two-phase
distributor 33a and gas-liquid two-phase distributor 33b
are connected and gas distributor 35a and gas distributor
35b are connected. In other words, flow path R3 and flow
path R4 are connected in parallel with respect to refrig-
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eration cycle circuit 51 (main flow path) through which a
non-azeotropic refrigerant mixture circulates. Air-condi-
tioner 1 according to the first embodiment is composed
as above.

[0027] An operation (a flow of refrigerant) of air-condi-
tioner 1 (refrigeration cycle circuit 51) described above
will now be described.

(Cooling Operation)

[0028] A cooling operation as a first operation mode
will initially be described as an operation of air-condition-
er 1 (refrigeration cycle circuit 51). In this case, outdoor
heat exchanger 11 in outdoor unit 3 functions as a con-
denser and indoor heat exchanger 27 in indoor unit 5
functions as an evaporator.

[0029] As compressor 7 is driven, high-temperature
and high-pressure gas refrigerant (single phase) is dis-
charged from compressor 7. Discharged high-tempera-
ture and high-pressure gas refrigerant is sent through
four-way valve 9 to outdoor unit 3. In outdoor unit 3, sent
refrigerant flows through outdoor heat exchanger 11. At
this time, refrigerant flows through outdoor first heat ex-
changer 13 (flow path R1) and outdoor second heat ex-
changer 15 (flow path R2) in parallel. The flow of refrig-
erant in outdoor heat exchanger 11 will be described in
detall later.

[0030] In outdoor heat exchanger 11, heat is ex-
changed between refrigerant that flows in and air sup-
plied by a propeller fan (not shown). High-temperature
and high-pressure gas refrigerant becomes high-pres-
sure liquid refrigerant (single phase) by being condensed
as a result of heat exchange.

[0031] High-pressure liquid refrigerant that flows
through outdoor heat exchanger 11 and is sent out of
outdoor unit 3 is converted by expansion valve 19 into
refrigerant in the gas-liquid two-phase state containing
low-pressure gas refrigerant and liquid refrigerant. Re-
frigerantin the gas-liquid two-phase state is senttoindoor
unit 5. In indoor unit 5, sent refrigerant flows through in-
door heat exchanger 27. At this time, refrigerant flows
through indoor first heat exchanger 29 (flow path R3) and
indoor second heat exchanger 31 (flow path R4) in par-
allel.

[0032] Inindoorheatexchanger 27, heatis exchanged
between refrigerantin the gas-liquid two-phase state that
flows in and air sent into indoor heat exchanger 27 by a
fan (not shown). Refrigerant in the gas-liquid two-phase
state becomes low-pressure gas refrigerant (single
phase) as a result of evaporation of liquid refrigerant by
heat exchange. Air that has exchanged heat is sent from
indoor heat exchanger 27 into an indoor space so that
the indoor space is cooled.

[0033] Low-pressure gas refrigerant that flows through
indoor heat exchanger 27 and is sent out of indoor unit
5 flows through four-way valve 9 into compressor 7. Low-
pressure gas refrigerant that flows into compressor 7 be-
comes high-temperature and high-pressure gas refriger-
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ant by being compressed and is discharged again from
compressor 7. This cycle is repeated hereafter.

(Heating Operation)

[0034] A heating operation as a second operation
mode will be described as an operation of air-conditioner
1 (refrigeration cycle circuit 51). In this case, indoor heat
exchanger 27 in indoor unit 5 functions as the condenser
and outdoor heat exchanger 11 in outdoor unit 3 functions
as the evaporator.

[0035] As compressor 7 is driven, high-temperature
and high-pressure gas refrigerant (single phase) is dis-
charged from compressor 7. Discharged high-tempera-
ture and high-pressure gas refrigerant (single phase) is
sentthrough four-way valve 9 to indoor unit 5. Refrigerant
sent to indoor unit 5 flows through indoor heat exchanger
27. At this time, refrigerant flows through indoor first heat
exchanger 29 (flow path R3) and indoor second heat ex-
changer 31 (flow path R4) in parallel.

[0036] Inindoorheatexchanger 27, heatis exchanged
between gas refrigerant that flows in and air sent by the
fan (not shown). High-temperature and high-pressure
gas refrigerant becomes high-pressure liquid refrigerant
(single phase) by being condensed. Air that has ex-
changed heatis sent from indoor heat exchanger 27 into
the indoor space so that the indoor space is heated. High-
pressure liquid refrigerant that flows through indoor heat
exchanger 27 and is sent out of indoor unit 5 is sent to
the outdoor unit.

[0037] High-pressure liquid refrigerant sent to outdoor
unit 3 is converted by expansion valve 19 into refrigerant
in the gas-liquid two-phase state containing low-pressure
gas refrigerant and liquid refrigerant. Refrigerant in the
gas-liquid two-phase state flows through outdoor heat
exchanger 11. At this time, refrigerant flows through out-
door first heat exchanger 13 (flow path R1) and outdoor
second heat exchanger 15 (flow path R2) in parallel.
[0038] In outdoor heat exchanger 11, heat is ex-
changed between refrigerant in the gas-liquid two-phase
state that flows in and air supplied by the propeller fan
(not shown). Liquid refrigerant in refrigerant in the gas-
liquid two-phase state evaporates, and refrigerant in the
gas-liquid two-phase state becomes low-pressure gas
refrigerant (single phase).

[0039] Low-pressure gas refrigerant that flows through
outdoor heat exchanger 11 and is sent out of outdoor
unit 3 flows through four-way valve 9 into compressor 7.
Low-pressure gas refrigerant that flows into compressor
7 becomes high-temperature and high-pressure gas re-
frigerant by being compressed and is again discharged
from compressor 7. This cycle is repeated hereafter.

(Defrosting Operation)
[0040] Since outdoor heat exchanger 11 functions as

the evaporator in the heating operation, frost may grow
in outdoor heat exchanger 11. Therefore, in air-condi-
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tioner 1, a defrosting operation to remove frost that grows
in outdoor heat exchanger 11 is performed. In the de-
frosting operation, by sending high-temperature and
high-pressure refrigerant discharged from compressor 7
to outdoor heatexchanger 11 by performing an operation
the same as the cooling operation, frost that grows in
outdoor heat exchanger 11 is removed.

[0041] A general flow of refrigerant in air-conditioner 1
(refrigeration cycle circuit 51) is as described above. A
flow of refrigerant in outdoor heat exchanger 11 and in-
door heat exchanger 27 will now more specifically be
described.

(Flow of Refrigerant in Outdoor Heat Exchanger 11 Dur-
ing Cooling Operation)

[0042] As shown in Figs. 1 and 3, high-temperature
and high-pressure gas refrigerant (single phase) dis-
charged from compressor 7 is sent through four-way
valve 9 to outdoor unit 3. In outdoor unit 3, refrigerant is
branched at a branch and merge point P1 into refrigerant
that flows through flow path R1 and refrigerant that flows
through flow path R2.

[0043] In flow path R1, high-temperature and high-
pressure gas refrigerant successively flows through gas
distributor 23a, second part 13b, first part 13a, and gas-
liquid two-phase distributor 21a. In flow path R1, high-
temperature and high-pressure gas refrigerant flows into
gas distributor 23a and is condensed in outdoor first heat
exchanger 13 to become high-pressure liquid refrigerant,
and resultant high-pressure liquid refrigerant flows
through gas-liquid two-phase distributor 21a. In outdoor
first heat exchanger 13, refrigerant flows through second
part 13b arranged on the leeward side and thereafter
flows as a counterflow that flows through first part 13a
arranged on the windward side.

[0044] In flow path R2, high-temperature and high-
pressure gas refrigerant successively flows through gas
distributor 23b, third part 15a, fourth part 15b, and gas-
liquid two-phase distributor 21b. In flow path R2, high-
temperature and high-pressure gas refrigerant flows into
gas distributor 23b and is condensed in outdoor second
heat exchanger 15 to become high-pressure liquid refrig-
erant, and resultant high-pressure liquid refrigerant flows
through gas-liquid two-phase distributor 21b. In outdoor
second heatexchanger 15, refrigerant flows through third
part 15a arranged on the windward side and thereafter
flows as a parallel flow that flows through fourth part 15b
arranged on the leeward side.

[0045] High-pressure liquid refrigerant that flows
through gas-liquid two-phase distributor 21a and high-
pressure liquid refrigerant that flows through gas-liquid
two-phase distributor 21b merge at a branch and merge
point P2, and after merged refrigerant passes through
expansion valve 19, it becomes refrigerant in the gas-
liquid two-phase state containing low-pressure gas re-
frigerant and liquid refrigerant. Low-pressure refrigerant
in the gas-liquid two-phase state is sent to indoor unit 5
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(see Fig. 1).

(Flow of Refrigerantin Indoor Heat Exchanger 27 During
Cooling Operation)

[0046] A flow of refrigerant in indoor unit 5 will now
briefly be described in accordance with outdoor unit 3.
As shown in Fig. 1, refrigerant that flows into indoor unit
5 is branched at a branch and merge point P4 into refrig-
erant that flows through flow path R3 and refrigerant that
flows through flow path R4.

[0047] Inflow path R3, refrigerantin the gas-liquid two-
phase state successively flows through gas-liquid two-
phase distributor 33a, indoor first heat exchanger 29, and
gas distributor 35a. In flow path R3, low-pressure refrig-
erantin the gas-liquid two-phase state flows through gas-
liquid two-phase distributor 33a and is evaporated in in-
door first heat exchanger 29 to become low-pressure gas
refrigerant, and resultant low-pressure gas refrigerant
flows through gas distributor 35a. In indoor first heat ex-
changer 29, refrigerant flows as the parallel flow.
[0048] Inflow path R4, refrigerantin the gas-liquid two-
phase state successively flows through gas-liquid two-
phase distributor 33b, indoor second heat exchanger 31,
and gas distributor 35b. In flow path R4, refrigerant in the
gas-liquid two-phase state flows through gas-liquid two-
phase distributor 33b and is evaporated in indoor second
heat exchanger 31 to become low-pressure gas refrig-
erant, and resultant low-pressure gas refrigerant flows
through gas distributor 35b. In indoor second heat ex-
changer 31, refrigerant flows as the counterflow.

(Flow of Refrigerantin Indoor Heat Exchanger 27 During
Heating Operation)

[0049] As shownin Fig. 1, high-temperature and high-
pressure gas refrigerant (single phase) discharged from
compressor 7 is sent through four-way valve 9 to indoor
unit 5. In indoor unit 5, refrigerantis branched at abranch
and merge point P3 into refrigerant that flows through
flow path R3 and refrigerant that flows through flow path
R4.

[0050] In flow path R3, gas refrigerant successively
flows through gas distributor 35a, indoor first heat ex-
changer 29, and gas-liquid two-phase distributor 33a. In
flow path R3, high-temperature and high-pressure gas
refrigerant flows into gas distributor 35a and is con-
densed inindoor first heat exchanger 29 to become high-
pressure liquid refrigerant, and resultant high-pressure
liquid refrigerant flows through gas-liquid two-phase dis-
tributor 33a. In indoor first heat exchanger 29, refrigerant
flows as the counterflow.

[0051] In flow path R4, gas refrigerant successively
flows through gas distributor 35b, indoor second heat
exchanger 31, and gas-liquid two-phase distributor 33b.
In flow path R4, high-temperature and high-pressure gas
refrigerant flows into gas distributor 35b and is con-
densed in indoor second heat exchanger 31 to become
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high-pressure liquid refrigerant, and resultant high-pres-
sure liquid refrigerant flows through gas-liquid two-phase
distributor 33b. In indoor second heat exchanger 31, re-
frigerant flows as the parallel flow.

[0052] High-pressure liquid refrigerant that flows
through gas-liquid two-phase distributor 33a and high-
pressure liquid refrigerant that flows through gas-liquid
two-phase distributor 33b merge at branch and merge
point P4, and merged refrigerant is sent to outdoor unit 3.

(Flow of Refrigerant in Outdoor Heat Exchanger 11 Dur-
ing Heating Operation)

[0053] A flow of refrigerant in outdoor unit 3 will now
be described. As shown in Fig. 4, high-pressure liquid
refrigerant sent to outdoor unit 3 passes through expan-
sion valve 19 and becomes refrigerant in the gas-liquid
two-phase state containing low-pressure gas refrigerant
and liquid refrigerant. Refrigerant in the gas-liquid two-
phase state is branched at branch and merge point P2
into refrigerant that flows through flow path R1 and re-
frigerant that flows through flow path R2.

[0054] Inflow path R1, refrigerantin the gas-liquid two-
phase state successively flows through gas-liquid two-
phase distributor 213, first part 13a, second part 13b, and
gas distributor 23a. In flow path R1, low-pressure refrig-
erantin the gas-liquid two-phase state flows through gas-
liquid two-phase distributor 21a and is evaporated in first
part 13a and second part 13b to become low-pressure
gas refrigerant, and resultant low-pressure gas refriger-
ant flows through gas distributor 23a. In outdoor first heat
exchanger 13 (first part 13a and second part 13b), refrig-
erant flows as the parallel flow.

[0055] Inflow path R2, refrigerantin the gas-liquid two-
phase state successively flows through gas-liquid two-
phase distributor 21b, third part 15a, fourth part 15b, and
gas distributor 23b. In flow path R2, low-pressure refrig-
erantin the gas-liquid two-phase state flows through gas-
liquid two-phase distributor 21b and is evaporated in
fourth part 15b and third part 15ato become low-pressure
gas refrigerant, and resultant low-pressure gas refriger-
ant flows through gas distributor 23b. In outdoor second
heat exchanger 15 (fourth part 15b and third part 15a),
refrigerant flows as the counterflow.

[0056] In air-conditioner 1 where the non-azeotropic
refrigerant mixture circulates described above, in each
of the cooling operation and the heating operation, re-
frigerant in the gas-liquid two-phase state flows through
gas-liquid two-phase distributors 21a, 21b, 33a, and 33b,
and thereafter flows through corresponding outdoor heat
exchanger 11 or indoor heat exchanger 27 to become
gas refrigerant. Refrigerant that has become gas refrig-
erant in corresponding outdoor heat exchanger 11 or in-
door heat exchanger 27 flows through gas distributors
23a, 23b, 35a, and 35b. Pressure loss or the like can
thus be reduced, description of which will be given.
[0057] Initially, in general, when a heat exchanger
functions as the evaporator, in order to uniformly distrib-
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ute refrigerant in the gas-liquid two-phase state contain-
ing gas refrigerant and liquid refrigerant that flows into
the heat exchanger, a gas-liquid two-phase distributor is
arranged on the refrigerant inlet side of the heat exchang-
er. In the gas-liquid two-phase distributor, in order to uni-
formly refrigerant in the gas-liquid two-phase state, for
example, an orifice is arranged.

[0058] When a heat exchanger functions as the con-
denser, on the other hand, in order to suppress pressure
loss of gas refrigerant that flows into the heat exchanger,
a gas distributor (gas header) relatively large in volume
is arranged on the refrigerant inlet side of the heat ex-
changer.

[0059] In aheatexchangerin an air-conditioner where
general refrigerant other than the non-azeotropic refrig-
erant mixture is used, an orientation of a flow of refriger-
ant that flows through the heat exchanger to function as
the condenser is reverse to an orientation of a flow of
refrigerant that flows through the heat exchanger to func-
tion as the evaporator. Therefore, the gas-liquid two-
phase distributor is arranged on one side of the heat ex-
changer and the gas distributor is arranged on the other
side thereof.

[0060] In contrast, in a heat exchanger according to a
comparative example (PTL 1 and PTL 2) where the non-
azeotropic refrigerant mixture is used, an orientation of
a flow of refrigerant when the heat exchanger functions
as the condenser is the same as an orientation of a flow
of refrigerant when the heat exchanger functions as the
evaporator.

[0061] A heatexchangerwhere agas-liquid two-phase
distributor is arranged on one side thereof and a gas dis-
tributor is arranged on the other side thereof is assumed.
[0062] When the heat exchanger functions as the
evaporator, refrigerant in the gas-liquid two-phase state
flows through the gas-liquid two-phase distributor and
thereafter exchanges heat in the heat exchanger to be-
come gas refrigerant, and resultant gas refrigerant flows
through the gas distributor. When the heat exchanger
functions as the condenser, on the other hand, gas re-
frigerant flows through the gas-liquid two-phase distrib-
utor and thereafter exchanges heatin the heat exchanger
to become liquid refrigerant, and resultant liquid refriger-
ant flows through the gas distributor (first case).

[0063] Therefore, in particular when the heat exchang-
er functions as the condenser, gas refrigerant flows
through the gas-liquid two-phase distributor to uniformly
distribute refrigerant in the gas-liquid two-phase state,
and hence pressure loss of refrigerant increases. Since
liquid refrigerant flows through the gas header relatively
large in volume, an amount of refrigerant increases.
[0064] A heat exchanger where the gas header is ar-
ranged on one side thereof and the gas-liquid two-phase
distributor is arranged on the other side thereof is now
assumed.

[0065] When the heat exchanger functions as the con-
denser, gas refrigerant flows through the gas distributor
and thereafter exchanges heat in the heat exchanger to
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become liquid refrigerant, and resultant liquid refrigerant
flows through the gas-liquid two-phase distributor. When
the heat exchanger functions as the evaporator, on the
other hand, refrigerant in the gas-liquid two-phase state
flows through the gas distributor and thereafter exchang-
es heatin the heat exchanger to become gas refrigerant,
and resultant gas refrigerant flows through the gas-liquid
two-phase distributor (second case).

[0066] Therefore, in particular when the heat exchang-
er functions as the evaporator, refrigerant in the gas-lig-
uid two-phase state flows through the gas header rela-
tively large in volume. Accordingly, refrigerant cannot uni-
formly be distributed and performance as the evaporator
lowers. Since gas refrigerant flows through the gas-liquid
two-phase distributor to uniformly distribute refrigerantin
the gas-liquid two-phase state, pressure loss of refriger-
ant increases.

[0067] In the air-conditioner according to the compar-
ative example, the orientation of the flow of refrigerant
through a refrigerant pipe that connects the indoor unit
and the outdoor unit to each other during the cooling op-
eration is the same as that during the heating operation.
During the cooling operation, in order to send to the out-
door unit, gas refrigerant that has flowed through the in-
door unit, a refrigerant pipe relatively large in diameter
should inevitably be used as the refrigerant pipe for sup-
pression of pressure loss. During the heating operation,
on the other hand, liquid refrigerant that has flowed
through the indoor unit flows through this refrigerant pipe
relatively large in diameter. Therefore, liquid refrigerant
tends to remain in the refrigerant pipe and the amount of
refrigerant increases.

[0068] The heat exchanger in air-conditioner 1 de-
scribed above achieves an effect as follows, as com-
pared with the air-conditioner according to the compar-
ative example.

[0069] Initially, the effect in the case of the cooling op-
eration as the first operation mode will be described. In
this case, in outdoor unit 3 (outdoor heat exchanger 11),
gas refrigerant flows through gas distributors 23a and
23b to appropriately distribute gas, and thereafter it ex-
changes heat in corresponding outdoor first heat ex-
changer 13 or outdoor second heat exchanger 15 to be-
come liquid refrigerant, and resultant liquid refrigerant
flows through gas-liquid two-phase distributors 21a and
21b.

[0070] Then, in indoor unit 5 (indoor heat exchanger
27), refrigerant in the gas-liquid two-phase state flows
through gas-liquid two-phase distributors 33a and 33b
where a distributor to uniformly distribute refrigerant in
the gas-liquid two-phase state is arranged, and thereafter
it exchanges heat in corresponding indoor first heat ex-
changer 29 or indoor second heat exchanger 31 to be-
come gas refrigerant, and resultant gas refrigerant flows
through gas distributors 35a and 35b.

[0071] Thus, gas refrigerant does not flow through the
gas-liquid two-phase distributor as in the first case in the
comparative example, and pressure loss of refrigerant
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can be reduced. Furthermore, liquid refrigerant does not
flow through the gas distributor relatively large in volume,
and increase in amount of refrigerant can be prevented.
[0072] The heating operation as the second operation
mode will now be described. In this case, initially, in in-
door unit 5 (indoor heat exchanger 27), gas refrigerant
flows through gas distributors 35a and 35b to appropri-
ately distribute gas, and thereafter it exchanges heat in
corresponding indoor first heat exchanger 29 or indoor
second heat exchanger 31 to become liquid refrigerant,
and resultant liquid refrigerant flows through gas-liquid
two-phase distributors 33a and 33b.

[0073] Then, inoutdoor unit 3 (outdoor heat exchanger
11), refrigerant in the gas-liquid two-phase state flows
through gas-liquid two-phase distributors 21a and 21b to
uniformly distribute refrigerant in the gas-liquid two-
phase state, and thereafter it exchanges heat in corre-
sponding outdoor first heat exchanger 13 or outdoor sec-
ond heat exchanger 15 to become gas refrigerant, and
resultant gas refrigerant flows through gas distributors
23a and 23b.

[0074] Thus, the flow of refrigerant in the gas-liquid
two-phase state through the gas distributor relatively
large in volume and resultant failure in uniform distribu-
tion of refrigerant as in the second case in the compar-
ative example do not occur, and performance as the
evaporator can be ensured. Gas refrigerant does not flow
through the gas-liquid two-phase distributor and pres-
sure loss of refrigerant can be reduced. Furthermore, gas
refrigerant flows not through the gas-liquid two-phase
distributor but through the gas distributor, and hence ex-
cessive increase in pressure can be suppressed.
[0075] In air-conditioner 1 described above, the orien-
tation during the cooling operation, of the flow of refrig-
erant through refrigerant pipe 41 that connects indoor
unit 5 and outdoor unit 3 to each other is reverse to that
during the heating operation. Thus, the diameter of re-
frigerant pipe 41 that connects indoor unit 5 and outdoor
unit 3 to each other does not have to be increased in
consideration of the cooling operation as in the air-con-
ditioner in the comparative example, and liquid refriger-
ant remaining in refrigerant pipe 41 during the heating
operation is also suppressed and increase in amount of
refrigerant can be suppressed.

[0076] An effect of the counterflow in air-conditioner 1
described above will now be described with reference to
outdoor heat exchanger 11 by way of example.

[0077] The effect in the cooling operation as the first
operation mode will initially be described. Fig. 5 shows
graphs GR1 and GR2 of a temperature of refrigerant that
flows through outdoor heat exchanger 11 during the cool-
ing operation and graphs GA1 and GA2 of a temperature
of air that passes through outdoor heat exchanger 11.
The upper tier shows also outdoor heat exchanger 11
and the like shown in Fig. 3.

[0078] As shown in Fig. 5, graph GR1 shows relation
between a flow (direction) of air and a temperature of
refrigerant that flows through outdoor first heat exchang-
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er 13. The temperature of refrigerant immediately before
it flows into outdoor first heat exchanger 13 is a temper-
ature TAin and the temperature of refrigerantimmediate-
ly after it flows through outdoor first heat exchanger 13
is a temperature TAout.

[0079] Graph GR2 shows relation between a flow (di-
rection) of air and a temperature of refrigerant that flows
through outdoor second heat exchanger 15. The temper-
ature of refrigerant immediately before it flows into out-
door second heat exchanger 15 is a temperature TBin
and the temperature of refrigerant immediately after it
flows through outdoor second heat exchanger 15 is a
temperature TBout.

[0080] Graph GA1 shows relation between a flow (di-
rection) of air and a temperature of air that passes
through outdoor first heat exchanger 13. Graph GA2
shows relation between a flow (direction) of air and a
temperature of air that passes through outdoor second
heat exchanger 15.

[0081] As shown in the upper tier in Fig. 5, in outdoor
first heat exchanger 13 in outdoor heat exchanger 11,
refrigerant flows as the counterflow that flows as being
opposed to the flow of air (arrow YA). In outdoor second
heat exchanger 15, refrigerant flows as the parallel flow
that flows in parallel to the flow of air (arrow YA).
[0082] The non-azeotropic refrigerant mixture has a
property to decrease in temperature as a degree of dry-
ness lowers in a two-phase state. As shown in graph
GR1, refrigerant that flows as the counterflow decreases
in temperature as it flows in an orientation opposite to
the direction of flow of air. As shown in graph GR2, on
the other hand, refrigerant that flows as the parallel flow
decreases in temperature as it flows in a direction the
same as the direction of flow of air.

[0083] Asshown in graph GA1and graph GA2, air that
passes through outdoor heat exchanger 11 increases in
temperature as it exchanges heat with refrigerant. There-
fore, difference in temperature between refrigerant that
flows as the parallel flow and air gradually become small-
er. Refrigerant that flows as the counterflow can ensure
the difference in temperature from air, as compared with
refrigerant that flows as the parallel flow.

[0084] Thus, in outdoor heat exchanger 11, the tem-
perature of air that passes through outdoor first heat ex-
changer 13is higher than the temperature of air that pass-
es through outdoor second heat exchanger 15, and in
outdoor heat exchanger 11, an amount of heat exchange
between refrigerant and air increases in particular in out-
door first heat exchanger 13. Consequently, perform-
ance of air-conditioner 1 during the cooling operation can
be improved.

[0085] The effect in the heating operation as the sec-
ond operation mode will now be described. Fig. 6 shows
graphs GR1 and GR2 of a temperature of refrigerant that
flows through outdoor heatexchanger 11 during the heat-
ing operation and graphs GA1 and GA2 of a temperature
of air that passes through outdoor heat exchanger 11.
The upper tier shows also outdoor heat exchanger 11
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and the like shown in Fig. 4.

[0086] As shown in Fig. 6, graph GR1 shows relation
between a flow (direction) of air and a temperature of
refrigerant that flows through outdoor first heat exchang-
er 13. The temperature of refrigerantimmediately before
it flows into outdoor first heat exchanger 13 is tempera-
ture TAin and the temperature of refrigerantimmediately
after it flows through outdoor first heat exchanger 13 is
temperature TAout.

[0087] Graph GR2 shows relation between a flow (di-
rection) of air and a temperature of refrigerant that flows
through outdoor second heat exchanger 15. The temper-
ature of refrigerant immediately before it flows into out-
door second heat exchanger 15 is temperature TBin and
the temperature of refrigerant immediately after it flows
through outdoor second heat exchanger 15 is tempera-
ture TBout.

[0088] Graph GA1 shows relation between a flow (di-
rection) of air and a temperature of air that passes
through outdoor first heat exchanger 13. Graph GA2
shows relation between a flow (direction) of air and a
temperature of air that passes through outdoor second
heat exchanger 15.

[0089] As shown in the upper tier in Fig. 6, in outdoor
first heat exchanger 13 in outdoor heat exchanger 11,
refrigerant flows as the parallel flow that flows in parallel
to the flow of air (arrow YA). In outdoor second heat ex-
changer 15, refrigerant flows as the counterflow that
flows as being opposed to the flow of air (arrow YA).
[0090] As described above, difference in temperature
between refrigerant that flows as the parallel flow and air
gradually become smaller. Refrigerant that flows as the
counterflow can ensure the difference in temperature
from air as compared with refrigerant that flows as the
parallel flow.

[0091] Thus, in outdoor heat exchanger 11, the tem-
perature of air that passes through outdoor second heat
exchanger 15 is lower than the temperature of air that
passes through outdoor first heat exchanger 13, and in
outdoor heatexchanger 11, an amount of heat exchange
between refrigerant and air increases in particular in out-
door second heat exchanger 15. Consequently, perform-
ance of air-conditioner 1 during the heating operation can
be improved.

[0092] In air-conditioner 1 described above, outdoor
first heat exchanger 13 and outdoor second heat ex-
changer 15 are connected in parallel with respect to re-
frigeration cycle circuit 51. In addition, indoor first heat
exchanger 13 and outdoor second heat exchanger 15
are connected in parallel with respect to refrigeration cy-
cle circuit 51.

[0093] As shown in Fig. 7, in order to uniformly distrib-
ute (merge) refrigerant to outdoor first heat exchanger
13 and outdoor second heat exchanger 15, a Y-shaped
or T-shaped branch portion 61 may be provided at each
of branch and merge point P1 and branch and merge
point P2. Similarly, in order to uniformly distribute (merge)
refrigerant to indoor first heat exchanger 29 and indoor
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second heat exchanger 31, Y-shaped or T-shaped
branch portion 61 may be provided at each of branch and
merge point P3 and branch and merge point P4.

Second Embodiment.

[0094] An exemplary air-conditioner according to a
second embodiment will be described. As shown in Figs.
8 and 9, outdoor heat exchanger 11 is provided with an
outdoor third heat exchanger 17 as a third heat exchang-
er in addition to outdoor first heat exchanger 13 and out-
door second heat exchanger 15. Outdoor third heat ex-
changer 17 is connected in series between expansion
valve 19 and outdoor first heat exchanger 13 and outdoor
second heat exchanger 15 connected in parallel, with
respect to refrigeration cycle circuit 51. Outdoor first heat
exchanger 13 is arranged below outdoor first heat ex-
changer 13 and outdoor second heat exchanger 15.
[0095] The number of refrigerant flow paths in outdoor
first heat exchanger 13 is the first number of refrigerant
flow paths, the number of refrigerant flow paths in outdoor
second heat exchanger 15 is the second number of re-
frigerant flow paths, and the number of refrigerant flow
paths in outdoor third heat exchanger 17 is the third
number of refrigerant flow paths. The third number of
refrigerant flow paths is smaller than the first number of
refrigerant flow paths and the second number of refrig-
erant flow paths.

[0096] Outdoor third heatexchanger 17 includes a fifth
part 17a and a sixth part 17b. Fifth part 17a and sixth
part 17b are connected in series. Fifth part 17a and sixth
part 17b are arranged along the direction of passage of
air (see arrow YA). Fifth part 17ais arranged on the wind-
ward side. Sixth part 17b is arranged on the leeward side.
[0097] A gas-liquid two-phase distributor 21c as a third
gas-liquid two-phase distributor is connected on a side
opposite to a side where sixth part 17b is connected, with
respect to fifth part 17a. A gas distributor 23c as a third
gas distributor is connected on a side opposite to a side
where fifth part 17a is connected, with respect to sixth
part 17b.

[0098] Air-conditioner 1 is provided with a flow path R5
as a third flow path including a portion through which gas
distributor 23c sixth part 17b, fifth part 17a, and gas-liquid
two-phase distributor 21c are sequentially connected.
Since the construction is otherwise similar to the con-
struction of air-conditioner 1 shown in Figs. 1 and 2, iden-
tical members have identical reference characters allot-
ted and description thereof will not be repeated unless
necessary.

[0099] An operation (a flow of refrigerant) of air-condi-
tioner 1 (refrigeration cycle circuit 51) described above
will now be described. Operations which are duplication
of those in air-conditioner 1 according to the first embod-
iment will be described as being simplified.

10

15

20

25

30

35

40

45

50

55

10

(Cooling Operation)

[0100] The cooling operation will initially be described.
As shown in Figs. 8 and 10, high-temperature and high-
pressure gas refrigerant discharged from compressor 7
is sent through four-way valve 9 to outdoor unit 3. Re-
frigerant sent to outdoor unit 3 flows through outdoor first
heat exchanger 13 (flow path R1) and outdoor second
heat exchanger 15 (flow path R2) in parallel and there-
after flows through indoor third heat exchanger 17 (flow
path R5).

[0101] In outdoor unit 3, refrigerant flows in parallel
through flow path R1 and flow path R2, flows of refrigerant
thereafter merge at branch and merge point P2, and
merged refrigerant flows through flow path R5. In flow
path R5, refrigerant successively flows through gas dis-
tributor 23c, sixth part 17b, fifth part 17a, and gas-liquid
two-phase distributor 21c. In outdoor third heat exchang-
er 17, refrigerant flows through sixth part 17b arranged
on the leeward side and thereafter flows as the counter-
flow thatflows through fifth part 17a arranged on the wind-
ward side.

[0102] Refrigerant (high-pressure liquid refrigerant)
that flows through outdoor unit 3 passes through expan-
sion valve 19 to become refrigerant in the gas-liquid two-
phase state containing low-pressure gas refrigerant and
liquid refrigerant. Low-pressure refrigerant in the gas-lig-
uid two-phase state flows into indoor unit 5 and becomes
low-pressure gas refrigerant, and resultant low-pressure
gas refrigerant flows into compressor 7. This cycle is re-
peated hereafter.

(Heating Operation)

[0103] The heating operation will now be described.
As shown in Figs. 8 and 11, high-temperature and high-
pressure gas refrigerant discharged from compressor 7
flows into indoor unit 5 through four-way valve 9 and be-
comes high-pressure liquid refrigerant. High-pressure
liquid refrigerant is sent to outdoor unit 3 and passes
through expansion valve 19 to become refrigerant in the
gas-liquid two-phase state containing low-pressure gas
refrigerant and liquid refrigerant.

[0104] Refrigerant in the gas-liquid two-phase state
flows through the outdoor third heat exchanger (flow path
R1) and thereafter flows through outdoor first heat ex-
changer 13 (flow path R1) and outdoor second heat ex-
changer 15 (flow path R2) in parallel. In flow path R5,
refrigerant successively flows through gas-liquid two-
phase distributor 21c, fifth part 17a, sixth part 17b, and
gas distributor 23c. In outdoor third heat exchanger 17,
refrigerant flows through fifth part 17a arranged on the
windward side and thereafter flows as the parallel flow
that flows through sixth part 17b arranged on the leeward
side.

[0105] Low-pressure gas refrigerant that flows through
outdoor third heat exchanger 17 and the like and is sent
out of outdoor unit 3 flows into compressor 7 through
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four-way valve 9. This cycle is repeated hereafter.
[0106] Air-conditioner 1 described above obtains an
effect of suppression of pressure loss of refrigerant and
an effect of suppression of increase in amount of refrig-
erant, as described in connection with air-conditioner 1
according to the first embodiment. Air-conditioner 1 ac-
cording to the second embodiment further obtains an ef-
fect as follows.

[0107] The effect in the case of the cooling operation
will now be described. Fig. 12 shows graphs GR1, GR2,
and GR3 of a temperature of refrigerant that flows
through outdoor heat exchanger 11 in the cooling oper-
ation and graphs GA1, GA2, and GA3 of a temperature
of air that passes through outdoor heat exchanger 11.
The upper tier shows also outdoor heat exchanger 11
and the like shown in Fig. 10.

[0108] Asshownin Fig. 12, graph GR1 shows relation
between a flow (direction) of air and a temperature of
refrigerant that flows through outdoor first heat exchang-
er 13. The temperature of refrigerant immediately before
it flows into outdoor first heat exchanger 13 is tempera-
ture TAin and the temperature of refrigerant immediately
after it flows through outdoor first heat exchanger 13 is
temperature TAout.

[0109] Graph GR2 shows relation between a flow (di-
rection) of air and a temperature of refrigerant that flows
through outdoor second heat exchanger 15. The temper-
ature of refrigerant immediately before it flows into out-
door second heat exchanger 15 is temperature TBin and
the temperature of refrigerant immediately after it flows
through outdoor second heat exchanger 15 is tempera-
ture TBout.

[0110] Graph GR3 shows relation between a flow (di-
rection) of air and a temperature of refrigerant that flows
through outdoor third heat exchanger 17. The tempera-
ture of refrigerant immediately before it flows into outdoor
third heat exchanger 17 is a temperature TCin and the
temperature of refrigerant immediately after it flows
through outdoor third heatexchanger 17 is a temperature
TCout.

[0111] Graph GA1 shows relation between a flow (di-
rection) of air and a temperature of air that passes
through outdoor first heat exchanger 13. Graph GA2
shows relation between a flow (direction) of air and a
temperature of air that passes through outdoor second
heat exchanger 15. Graph GA3 shows relation between
a flow (direction) of air and a temperature of air that pass-
es through outdoor third heat exchanger 17.

[0112] As shown in the upper tier in Fig. 12, in outdoor
first heat exchanger 13 in outdoor heat exchanger 11,
refrigerant flows as the counterflow that flows as being
opposed to the flow of air (arrow YA). In outdoor second
heat exchanger 15, refrigerant flows as the parallel flow
that flows in parallel to the flow of air (arrow YA). In out-
door third heat exchanger 17, refrigerant flows as the
counterflow that flows as being opposed to the flow of air
(arrow YA).

[0113] As shown in graphs GA1 to GA3, on the other
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hand, air that passes through outdoor heat exchanger
11 increases in temperature as it exchanges heat with
refrigerant. Therefore, difference in temperature be-
tween refrigerant that flows as the parallel flow and air
gradually become smaller. Refrigerant that flows as the
counterflow can ensure the difference in temperature
from air, as compared with refrigerant that flows as the
parallel flow.

[0114] Refrigerant that flows through outdoor second
heat exchanger 15 as the parallel flow flows into outdoor
third heat exchanger 17, together with refrigerant that
flows through outdoor first heat exchanger 13. In outdoor
third heat exchanger 17, refrigerant flows as the coun-
terflow.

[0115] Specifically, refrigerant containing refrigerant
that has flowed through outdoor second heat exchanger
15 to gradually decrease the temperature difference be-
tween refrigerant and air flows as the counterflow in out-
door third heatexchanger 17. The temperature difference
between refrigerant and air can thus be ensured, and the
amount of heat exchange between refrigerant and air in
outdoor third heat exchanger 17 can be increased. Con-
sequently, performance during the cooling operation can
further be improved.

[0116] The effect in the case of the heating operation
will now be described. Fig. 13 shows graphs GR1, GR2,
and GR3 of a temperature of refrigerant that flows
through outdoor heat exchanger 11 during the heating
operation and graphs GA1, GA2, and GA3 of a temper-
ature of air that passes through outdoor heat exchanger
11. The upper tier shows also outdoor heat exchanger
11 and the like shown in Fig. 11.

[0117] As shownin Fig. 13, graph GR1 shows relation
between a flow (direction) of air and a temperature of
refrigerant that flows through outdoor first heat exchang-
er 13. The temperature of refrigerantimmediately before
it flows into outdoor first heat exchanger 13 is tempera-
ture TAin and the temperature of refrigerantimmediately
after it flows through outdoor first heat exchanger 13 is
temperature TAout.

[0118] Graph GR2 shows relation between a flow (di-
rection) of air and a temperature of refrigerant that flows
through outdoor second heat exchanger 15. The temper-
ature of refrigerant immediately before it flows into out-
door second heat exchanger 15 is temperature TBin and
the temperature of refrigerant immediately after it flows
through outdoor second heat exchanger 15 is tempera-
ture TBout.

[0119] Graph GR3 shows relation between a flow (di-
rection) of air and a temperature of refrigerant that flows
through outdoor third heat exchanger 17. The tempera-
ture of refrigerantimmediately before it flows into outdoor
third heat exchanger 17 is temperature TCin and the tem-
perature of refrigerant immediately after it flows through
outdoor third heat exchanger 17 is temperature TCout.

[0120] Graph GA1 shows relation between a flow (di-
rection) of air and a temperature of air that passes
through outdoor first heat exchanger 13. Graph GA2
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shows relation between a flow (direction) of air and a
temperature of air that passes through outdoor second
heat exchanger 15. Graph GA3 shows relation between
a flow (direction) of air and a temperature of air that pass-
es through outdoor third heat exchanger 17.

[0121] As shown in the upper tier in Fig. 13, in outdoor
first heat exchanger 13 in outdoor heat exchanger 11,
refrigerant flows as the parallel flow. In outdoor second
heat exchanger 15, refrigerant flows as the counterflow.
In outdoor third heat exchanger 17, refrigerant flows as
the parallel flow.

[0122] As shown in graphs GA1 to GA3, on the other
hand, air that passes through outdoor heat exchanger
11 decreases in temperature as it exchanges heat with
refrigerant.

[0123] Refrigerant that is sent to outdoor unit 3 and
passes through expansion valve 19 to be in the gas-liquid
two-phase state flows through outdoor third heat ex-
changer 17, and thereafter flows in parallel through out-
door first heat exchanger 13 and outdoor second heat
exchanger 15. In outdoor third heat exchanger 17, refrig-
erant in the gas-liquid two-phase state flows as the par-
allel flow.

[0124] Thethird number ofrefrigerant flow paths in out-
door third heat exchanger 17 is smaller than the first
number of refrigerant flow paths in outdoor first heat ex-
changer 13 and the second number of refrigerant flow
paths in outdoor second heat exchanger 15. Therefore,
outdoor third heat exchanger 17 is relatively higher in
pressure loss of refrigerant than outdoor first heat ex-
changer 13 and outdoor second heat exchanger 15.
[0125] The temperature of refrigerant (see graph GR3)
that flows through outdoor third heat exchanger 17 is thus
higher than the temperature of refrigerant (see graph
GR1) that flows through outdoor first heat exchanger 13
and the temperature of refrigerant (see graph GR2) that
flows through outdoor second heat exchanger 15.
[0126] Outdoor third heat exchanger 17 is arranged
below outdoor first heat exchanger 13 and outdoor sec-
ond heat exchanger 15. In the heating operation, con-
densation water attached to outdoor first heat exchanger
13 and outdoor second heat exchanger 15 flows down
to outdoor third heat exchanger 17 arranged below and
frost tends to grow in outdoor third heat exchanger 17.
[0127] Asrefrigerant higherin temperature than refrig-
erant that flows through outdoor first heat exchanger 13
and refrigerant that flows through outdoor second heat
exchanger 15 flows through outdoor third heat exchanger
17, growth of frost in outdoor third heat exchanger 17
can be suppressed.

Third Embodiment.

[0128] An exemplary air-conditioner according to a
third embodiment will be described. As shown in Figs.
14 and 15, an outdoor first flow rate regulation valve 25a
and an outdoor second flow rate regulation valve 25b are
arranged in outdoor unit 3.
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[0129] Outdoor first flow rate regulation valve 25a is
arranged in flow path R1. Outdoor first flow rate regulation
valve 25a is arranged in a portion of flow path R1 between
branch and merge point P2 and gas-liquid two-phase dis-
tributor 21a. Outdoor second flow rate regulation valve
25b is arranged in flow path R2. Outdoor second flow
rate regulation valve 25b is arranged in a portion of flow
path R2 between branch and merge point P2 and gas-
liquid two-phase distributor 21b.

[0130] Anindoorfirstflow rate regulation valve 37aand
an indoor second flow rate regulation valve 37b are ar-
ranged in indoor unit 5. Indoor first flow rate regulation
valve 37a is arranged in flow path R3. Indoor first flow
rate regulation valve 37a is arranged in a portion of flow
path R3 between branch and merge point P4 and gas-
liquid two-phase distributor 33a. Indoor second flow rate
regulation valve 37b is arranged in a portion of flow path
R4 between branch and merge point P4 and gas-liquid
two-phase distributor 33b.

[0131] For example, a solenoid valve or an electronic
expansion valve can be employed as outdoor first flow
rate regulation valve 25a, outdoor second flow rate reg-
ulation valve 25b, indoor first flow rate regulation valve
37a, and indoor second flow rate regulation valve 37b.
When the electronic expansion valve is employed, ex-
pansion valve 19 does not have to be provided. Since
the construction is otherwise similar to the construction
of air-conditioner 1 shown in Figs. 1 and 2, identical mem-
bers have identical reference characters allotted and de-
scription thereof will not be repeated unless necessary.
[0132] An operation (a flow of refrigerant) of air-condi-
tioner 1 (refrigeration cycle circuit 51) described above
will now be described. Operations which are duplication
of those of air-conditioner 1 according to the first embod-
iment will be described as being simplified.

(Cooling Operation)

[0133] The cooling operation will initially be described.
As shown in Figs. 14 and 16, high-temperature and high-
pressure gas refrigerant discharged from compressor 7
is sent through four-way valve 9 to outdoor unit 3. Re-
frigerant sent to outdoor unit 3 flows in parallel through
flow path R1 (outdoor first heat exchanger 13) and flow
path R2 (outdoor second heat exchanger 15.

[0134] In flow path R1, refrigerant successively flows
through gas distributor 23a, second part 13b, first part
13a, gas-liquid two-phase distributor 21a, and outdoor
first flow rate regulation valve 25a. In outdoor first heat
exchanger 13, refrigerant flows through second part 13b
arranged on the leeward side and thereafter flows as the
counterflow that flows through first part 13a arranged on
the windward side.

[0135] In flow path R2, refrigerant successively flows
through gas distributor 23b, third part 15a, fourth part
15b, gas-liquid two-phase distributor 21b, and outdoor
second flow rate regulation valve 25b. In outdoor second
heat exchanger 15, refrigerant flows through third part
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15a arranged on the windward side and thereafter flows
as the parallel flow that flows through fourth part 15b
arranged on the leeward side.

[0136] Refrigerantthat flows through flow path R1 and
refrigerant that flows through flow path R2 merge, and
merged refrigerant passes through expansion valve 19
to become refrigerant in the gas-liquid two-phase state
containing low-pressure gas refrigerant and liquid refrig-
erant. Resultant low-pressure refrigerantin the gas-liquid
two-phase state is sent to indoor unit 5. Refrigerant sent
to indoor unit 5 flows through flow path R3 (indoor first
heatexchanger 29) and flow path R4 (indoor second heat
exchanger 31) in parallel.

[0137] In flow path R3, refrigerant successively flows
through indoor first flow rate regulation valve 37a, gas-
liquid two-phase distributor 33a, indoor first heat ex-
changer 29, and gas distributor 35a. In indoor first heat
exchanger 29, refrigerant flows as the parallel flow. In
flow path R4, refrigerant successively flows through in-
door second flow rate regulation valve 37b, gas-liquid
two-phase distributor 33b, indoor second heat exchanger
31, and gas distributor 35b. In indoor second heat ex-
changer 31, refrigerant flows as the counterflow.

[0138] Refrigerant that flows through flow path R3 and
refrigerant that flows through flow path R4 merge, and
merged refrigerant flows into compressor 7. This cycle
is repeated hereafter.

(Heating Operation)

[0139] The heating operation will now be described.
As shown in Figs. 14 and 17, high-temperature and high-
pressure gas refrigerant discharged from compressor 7
flows into indoor unit 5 through four-way valve 9. Inindoor
unit 5, refrigerant flows through flow path R3 (indoor first
heatexchanger 29) and flow path R4 (indoor second heat
exchanger 31) in parallel.

[0140] In flow path R3, refrigerant successively flows
through gas distributor 35a, indoor first heat exchanger
29, gas-liquid two-phase distributor 33a, and indoor first
flow rate regulation valve 37a. In indoor first heat ex-
changer 29, refrigerant flows as the counterflow. In flow
path R4, refrigerant successively flows through gas dis-
tributor 35b, indoor second heat exchanger 31, gas-liquid
two-phase distributor 33b, and indoor second flow rate
regulation valve 37b. In indoor second heat exchanger
31, refrigerant flows as the parallel flow.

[0141] Refrigerant that flows through flow path R3 and
refrigerant that flows through flow path R4 merge, and
merged refrigerant is sent to outdoor unit 3 and passes
through expansion valve 19 to become refrigerant in the
gas-liquid two-phase state containing low-pressure gas
refrigerant and liquid refrigerant. Refrigerant in the gas-
liquid two-phase state flows through flow path R1 (out-
door first heat exchanger 13) and flow path R2 (outdoor
second heat exchanger 15) in parallel.

[0142] In flow path R1, refrigerant successively flows
through outdoor first flow rate regulation valve 25a, gas-
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liquid two-phase distributor 21a, first part 13a, second
part 13b, and gas distributor 23a. In outdoor first heat
exchanger 13, refrigerant flows as the parallel flow. In
flow path R2, refrigerant successively flows through out-
door second flow rate regulation valve 25b, gas-liquid
two-phase distributor 21b, fourth part 15b, third part 15a,
and gas distributor 23b. In outdoor second heat exchang-
er 15, refrigerant flows as the counterflow.

[0143] Refrigerant thatflows through flow path R1 and
refrigerant that flows through flow path R2 merge, and
merged refrigerant flows into compressor 7 through four-
way valve 9. This cycle is repeated hereafter.

[0144] Air-conditioner 1 described above obtains an
effect of suppression of pressure loss of refrigerant and
an effect of suppression of increase in amount of refrig-
erant, as described in connection with air-conditioner 1
according to the first embodiment. Air-conditioner 1 ac-
cording to the third embodiment further obtains an effect
as follows.

[0145] The effect in the case of the cooling operation
will initially be described. Fig. 18 shows graphs GR1 and
GR2 of a temperature of refrigerant that flows through
outdoor heat exchanger 11 during the cooling operation
and graphs GA1 and GA2 of a temperature of air that
passes through outdoor heat exchanger 11. The upper
tier shows also outdoor heat exchanger 11 and the like
shown in Fig. 16.

[0146] As shownin Fig. 18, graph GR1 shows relation
between a flow (direction) of air and a temperature of
refrigerant that flows through outdoor first heat exchang-
er 13. The temperature of refrigerantimmediately before
it flows into outdoor first heat exchanger 13 is tempera-
ture TAin and the temperature of refrigerantimmediately
after it flows through outdoor first heat exchanger 13 is
temperature TAout.

[0147] Graph GR2 shows relation between a flow (di-
rection) of air and a temperature of refrigerant that flows
through outdoor second heat exchanger 15. The temper-
ature of refrigerant immediately before it flows into out-
door second heat exchanger 15 is temperature TBin and
the temperature of refrigerant immediately after it flows
through outdoor second heat exchanger 15 is tempera-
ture TBout.

[0148] Graph GA1 shows relation between a flow (di-
rection) of air and a temperature of air that passes
through outdoor first heat exchanger 13. Graph GA2
shows relation between a flow (direction) of air and a
temperature of air that passes through outdoor second
heat exchanger 15.

[0149] As shown in the upper tier in Fig. 18, in outdoor
first heat exchanger 13, refrigerant flows as the counter-
flow. In outdoor second heat exchanger 15, refrigerant
flows as the parallel flow.

[0150] As showningraphs GA1 and GA2, on the other
hand, air that passes through outdoor heat exchanger
11 increases in temperature as it exchanges heat with
refrigerant. Therefore, difference in temperature be-
tween refrigerant that flows as the parallel flow and air
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gradually becomes smaller. Refrigerant that flows as the
counterflow ensures the difference in temperature from
air, as compared with refrigerant that flows as the parallel
flow.

[0151] In air-conditioner 1 described above, by regu-
lating outdoor second flow rate regulation valve 25b, a
flow rate of refrigerant that flows as the parallel flow
through outdoor second heat exchanger 15 can be low-
ered, and accordingly the flow rate of refrigerant that
flows through outdoor first heat exchanger 13 can ac-
cordingly be increased.

[0152] Therefore, temperature TBout of refrigerantim-
mediately after it flows through outdoor second heat ex-
changer 15 is lower than in an example where outdoor
first flow rate regulation valve 25a and outdoor second
flow rate regulation valve 25b are not provided (see Fig.
5). Temperature TAout of refrigerant immediately after it
flows through outdoor first heat exchanger 13 is higher
than in the example where outdoor first flow rate regula-
tion valve 25a and outdoor second flow rate regulation
valve 25b are not provided (see Fig. 5).

[0153] This means that outdoor second flow rate reg-
ulation valve 25b and the like can decrease a difference
between temperature TAout and temperature TBout.
Therefore, by regulating the flow rate of refrigerant with
the use of outdoor second flow rate regulation valve 25b
and the like such that temperature TAout (outlet side en-
thalpy) of refrigerant immediately after it flows through
outdoor first heat exchanger 13 is substantially the same
as temperature TBout (outlet side enthalpy) of refrigerant
immediately after it flows through outdoor second heat
exchanger 15, heat transfer performance of outdoor heat
exchanger 11 can be improved.

[0154] The effect in the case of the heating operation
will now be described. Fig. 19 shows graphs GR1 and
GR2 of a temperature of refrigerant that flows through
outdoor heat exchanger 11 during the heating operation
and graphs GA1 and GA2 of a temperature of air that
passes through outdoor heat exchanger 11. The upper
tier shows also outdoor heat exchanger 11 and the like
shown in Fig. 17.

[0155] Asshownin Fig. 19, graph GR1 shows relation
between a flow (direction) of air and a temperature of
refrigerant that flows through outdoor first heat exchang-
er 13. The temperature of refrigerant immediately before
it flows into outdoor first heat exchanger 13 is tempera-
ture TAin and the temperature of refrigerant immediately
after it flows through outdoor first heat exchanger 13 is
temperature TAout.

[0156] Graph GR2 shows relation between a flow (di-
rection) of air and a temperature of refrigerant that flows
through outdoor second heat exchanger 15. The temper-
ature of refrigerant immediately before it flows into out-
door second heat exchanger 15 is temperature TBin and
the temperature of refrigerant immediately after it flows
through outdoor second heat exchanger 15 is tempera-
ture TBout.

[0157] Graph GA1 shows relation between a flow (di-
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rection) of air and a temperature of air that passes
through outdoor first heat exchanger 13. Graph GA2
shows relation between a flow (direction) of air and a
temperature of air that passes through outdoor second
heat exchanger 15.

[0158] As shown in the upper tier in Fig. 19, in outdoor
first heat exchanger 13, refrigerant flows as the parallel
flow. In outdoor second heat exchanger 15, refrigerant
flows as the counterflow.

[0159] As shownin graphs GA1 and GA2, on the other
hand, air that passes through outdoor heat exchanger
11 increases in temperature as it exchanges heat with
refrigerant. Therefore, difference in temperature be-
tween refrigerant that flows as the parallel flow and air
gradually becomes smaller. Refrigerant that flows as the
counterflow ensures the difference in temperature from
air, as compared with refrigerant that flows as the parallel
flow.

[0160] In air-conditioner 1 described above, by regu-
lating outdoor first flow rate regulation valve 25a, a flow
rate of refrigerant that flows as the parallel flow through
outdoor first heat exchanger 13 can be lowered, and the
flow rate of refrigerant that flows through outdoor second
heat exchanger 15 can accordingly be increased.
[0161] Therefore, temperature TAout of refrigerant im-
mediately after it flows through outdoor first heat ex-
changer 13 is higher than in the example where outdoor
first flow rate regulation valve 25a and outdoor second
flow rate regulation valve 25b are not provided (see Fig.
5). Temperature TBout of refrigerant immediately after it
flows through outdoor second heat exchanger 15 is lower
than in the example where outdoor first flow rate regula-
tion valve 25a and outdoor second flow rate regulation
valve 25b are not provided (see Fig. 5).

[0162] This meansthatoutdoor first flow rate regulation
valve 25a and the like can decrease difference between
temperature TAout and temperature TBout. Therefore,
by regulating the flow rate of refrigerant with the use of
outdoor first flow rate regulation valve 25a and the like
such that temperature TAout (outlet side enthalpy) of re-
frigerant immediately after it flows through outdoor first
heat exchanger 13 is substantially the same as temper-
ature TBout (outlet side enthalpy) of refrigerant immedi-
ately after it flows through outdoor second heat exchang-
er 15, heat transfer performance of outdoor heat ex-
changer 11 can be improved.

[0163] In order to more accurately measure the tem-
perature of refrigerant, a temperature sensor such as a
thermistor may be provided in refrigerant pipe 41.
[0164] As shown in Fig. 15, desirably, in outdoor first
heat exchanger 13, a temperature sensor T1 is provided
in a portion S1 of refrigerant pipe 41 located opposite to
the side where first part 13a is connected, with respect
to gas-liquid two-phase distributor 21a, and a tempera-
ture sensor T2 is arranged in a portion S2 of refrigerant
pipe 41 located opposite to the side where second part
13b is connected, with respect to gas distributor 23a.
[0165] In outdoor second heat exchanger 15, desira-
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bly, a temperature sensor T4 is provided in a portion S4
of refrigerant pipe 41 located opposite to the side where
fourth part 15b is connected, with respect to gas-liquid
two-phase distributor 21b, and a temperature sensor T3
is provided in a portion S3 of refrigerant pipe 41 located
opposite to the side where third part 15a is connected,
with respect to gas distributor 23b.

[0166] Forexample, a pressure sensor may be provid-
ed in refrigerant pipe 41 (portions S1 to S4) other than
temperature sensors T1 to T4. Each outlet side enthalpy
can more accurately be calculated with the use of the
pressure sensor.

[0167] Though a two-row structure including two rows
of heat transfer tubes where first part 13a (third part 15a)
and second part 13b (fourth part 15b) are arranged in
the direction of passage of air is exemplified as outdoor
heat exchanger 11 or the like, a multiple-row structure
including three ormore rows may be applicable. A circular
tube having a circular cross-section or a low-profile tube
having a low-profile cross-section may be applicable as
the heat transfer tube arranged in outdoor heat exchang-
er 11 or the like.

[0168] Though a function and effect of air-conditioner
1 according to each embodiment is described represent-
atively with reference to outdoor heat exchanger 11 in
outdoor unit 3, indoor heat exchanger 27 in indoor unit 5
also obtains an effect similar to that of outdoor heat ex-
changer 11. Furthermore, at least one of outdoor heat
exchanger 11 and indoor heat exchanger 27 should only
be applied as the first heat exchanger and the second
heat exchanger.

[0169] Air-conditioner 1 described in each embodi-
ment can variously be combined as necessary.

[0170] The embodiments disclosed herein are illustra-
tive and restriction thereto is not intended. The present
disclosure is defined by the terms of the claims rather
than the scope described above, and is intended to in-
clude any modifications within the scope and meaning
equivalent to the terms of the claims.

INDUSTRIAL APPLICABILITY

[0171] The present disclosure is effectively made use
of as an air-conditioner where a non-azeotropic refriger-
ant mixture is used as refrigerant.

REFERENCE SIGNS LIST

[0172] 1 air-conditioner; 3 outdoor unit; 5 indoor unit;
7 compressor; 9 four-way valve; 11 outdoor heat ex-
changer; 13 outdoor first heat exchanger; 13a first part;
13b second part; 21a gas-liquid two-phase distributor;
23a gas distributor; 15 outdoor second heat exchanger;
15a third part; 15b fourth part; 21b gas-liquid two-phase
distributor; 23b gas distributor; 17 outdoor third heat ex-
changer; 17afifth part; 17b sixth part; 21c gas-liquid two-
phase distributor; 23c gas distributor; 19 expansion
valve; 25a outdoor first flow rate regulation valve; 25b
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outdoor second flow rate regulation valve; 27 indoor heat
exchanger; 29 indoor first heat exchanger; 33a gas-liquid
two-phase distributor; 35a gas distributor; 31 indoor sec-
ond heat exchanger; 33b gas-liquid two-phase distribu-
tor; 35b gas distributor; 37a indoor first flow rate regula-
tion valve; 37b indoor second flow rate regulation valve;
41 refrigerant pipe; 43 non-azeotropic refrigerant mix-
ture; 51 refrigeration cycle circuit; 61 branch portion; P1,
P2, P3, P4 branch and merge point; R1, R2, R3, R4, R5
flow path; TAin, TAout, TBin, TBout, TCin, TCout tem-
perature; GR1, GR2, GR3, GA1, GA2, GA3 graph; S1,
S2, S3, S4 portion; T1, T2, T3, T4 temperature sensor;
YA, YB arrow

Claims
1. An air-conditioner comprising:

a refrigeration cycle circuit comprising an out-
door unit and an indoor unit, a non-azeotropic
refrigerant mixture circulating through the refrig-
eration cycle circuit, wherein

at least one of the outdoor unit and the indoor
unit comprises

afirst heat exchanger comprising afirst part
and a second part connected in series,
asecond heat exchanger comprising a third
part and a fourth part connected in series,
a first gas-liquid two-phase distributor con-
nected on a side opposite to a side where
the second part is connected, with respect
to the first part,

a first gas distributor connected on a side
opposite to a side where the first partis con-
nected, with respect to the second part,

a second gas distributor connected on a
side opposite to a side where the fourth part
is connected, with respect to the third part,
a second gas-liquid two-phase distributor
connected on a side opposite to a side
where the third part is connected, with re-
spect to the fourth part,

afirstflow path comprising a portion through
which the first gas distributor, the second
part, the first part, and the first gas-liquid
two-phase distributor are sequentially con-
nected, and

a second flow path comprising a portion
through which the second gas distributor,
the third part, the fourth part, and the second
gas-liquid two-phase distributor are se-
quentially connected,

the first flow path where the first heat exchanger
is arranged and the second flow path where the
second heat exchanger is arranged are con-
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nected in parallel with respect to the refrigeration
cycle circuit in such a manner that the first gas-

4. The air-conditioner according to claim 2 or 3, com-
prising:

liquid two-phase distributor and the second gas-
liquid two-phase distributor are connected and

the windward side, and the second gas distrib-
utor.

16

a third heat exchanger comprising a fifth part

the first gas distributor and the second gas dis- % and a sixth part connected in series;
tributor are connected, a third gas-liquid two-phase distributor connect-
the air-conditioner has a first operation mode in ed to the fifth part on a side opposite to a side
which the first heat exchanger and the second where the sixth part is connected;
heat exchanger function as a condenser and a a third gas distributor connected to the sixth part
second operation mode in which the first heat 70 on a side opposite to a side where the fifth part
exchanger and the second heat exchanger func- is connected;
tion as an evaporator, and a third flow path comprising a portion through
with respect to a direction of passage of air that which the third gas-liquid two-phase distributor,
passes through the first heat exchanger and the the fifth part, the sixth part, and the third gas
second heat exchanger, 15 distributor are sequentially connected; and
an expansion valve arranged between the out-
the first partis arranged on a windward side, door unit and the indoor unit in the refrigeration
the second part is arranged on a leeward cycle circuit, wherein
side, the third flow path where the third heat exchang-
the third part is arranged on the windward 20 er is arranged is connected in series between
side, and the expansion valve and the first flow path and
the fourth part is arranged on the leeward the second flow path connected in parallel,
side. with respect to the direction of passage of air
that passes through the third heat exchanger,
2. The air-conditioner according to claim 1, wherein 25
the fifth part is arranged on the windward
in the first operation mode, side, and
in the first flow path, the non-azeotropic refrig- the sixth part is arranged on the leeward
erant mixture flows as a counterflow that se- side,
quentially flows through the first gas distributor, 30
the second part arranged on the leeward side, the number of refrigerant flow paths in the first
the first part arranged on the windward side, and heatexchangerwhere the non-azeotropic refrig-
the first gas-liquid two-phase distributor, and erant mixture flows is a first number of refrigerant
in the second flow path, the non-azeotropic re- flow paths,
frigerant mixture flows as a parallel flow thatse- 35 the number of refrigerant flow paths in the sec-
quentially flows through the second gas distrib- ond heat exchanger where the non-azeotropic
utor, the third part arranged on the windward refrigerant mixture flows is a second number of
side, the fourth part arranged on the leeward refrigerant flow paths,
side, and the second gas-liquid two-phase dis- the number of refrigerant flow paths in the third
tributor. 40 heatexchangerwhere the non-azeotropic refrig-
erant mixture flows is a third number of refriger-
3. Theair-conditioneraccordingto claim 1 or2, wherein ant flow paths,
the third number of refrigerant flow paths is
in the second operation mode, smaller than the first number of refrigerant flow
in the first flow path, the non-azeotropic refrig- 45 paths and the second number of refrigerant flow
erant mixture flows as a parallel flow that se- paths, and
quentially flows through the first gas-liquid two- the third heat exchanger is arranged below the
phase distributor, the first part arranged on the first heat exchanger and the second heat ex-
windward side, the second part arranged on the changer.
leeward side, and the first gas distributor, and 50
in the second flow path, the non-azeotropic re- 5. The air-conditioner according to claim 4, wherein
frigerant mixture flows as a counterflow that se-
quentially flows through the second gas-liquid in the first operation mode, the non-azeotropic
two-phase distributor, the fourth part arranged refrigerant mixture flows from the first flow path
on the leeward side, the third part arranged on 55 and the second flow path connected in parallel

to the third flow path, and
in the third flow path, the non-azeotropic refrig-
erant mixture flows as a counterflow that se-
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quentially flows through the third gas distributor,
the sixth part, the fifth part, and the third gas-
liquid two-phase distributor.

6. Theair-conditioneraccordingto claim4or5,wherein 5

in the second operation mode, the non-azeo-
tropicrefrigerant mixture flows from the third flow
path to the first flow path and the second flow
path connected in parallel, and 10
in the third flow path, the non-azeotropic refrig-
erant mixture flows as a parallel flow that se-
quentially flows through the third gas-liquid two-
phase distributor, the fifth part, the sixth part,
and the third gas distributor. 15

7. The air-conditioner according to any one of claims 1
to 6, comprising:

a first flow rate regulation valve arranged in a 20
portion of the first flow path located opposite to
the side where the first part is connected, with
respect to the first gas-liquid two-phase distrib-
utor; and
a second flow rate regulation valve arranged in 25
a portion of the second flow path located oppo-
site to the side where the fourth part is connect-
ed, with respect to the second gas-liquid two-
phase distributor.
30
8. The air-conditioner according to claim 7, wherein
at least one of a temperature sensor to measure a
temperature of the non-azeotropic refrigerant mix-
ture and a pressure sensor to measure a pressure
of the non-azeotropic refrigerant mixture is provided 35
in each of

the portion of the first flow path opposite to the
side where the first part is connected, with re-
specttothefirst gas-liquid two-phase distributor, 40
a portion of the first flow path opposite to the
side where the second part is connected, with
respect to the first gas distributor,

the portion of the second flow path opposite to

the side where the fourth part is connected, with 45
respect to the second gas-liquid two-phase dis-
tributor, and

a portion of the second flow path opposite to the
side where the third part is connected, with re-
spect to the second gas distributor. 50

9. The air-conditioner according to any one of claims 1
to 8, wherein
one of a T-shaped branch portion and a Y-shaped
branch portionis arranged in a portion where the first 55
flow path and the second flow path are connected in
parallel with respect to the refrigeration cycle circuit.

17
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FIG.5

FIRST OPERATION MODE (OUTDOOR HEAT EXCHANGER 11:CONDENSER)
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FIG.6

SECOND OPERATION MODE (OUTDOOR HEAT EXCHANGER 11:EVAPORATOR)
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